Abstract
Introduction
LaVita, nano-emulsion vitamin A, D and E, was a newly developed by Korea BNP, INC., for usage in drinking water or feeds of poultry and livestock. Vitamin A, D and E, have important functions of the human and animal body such as vision (Vitamin A), calcium absorption (Vitamin D) and antioxidant (Vitamin E) (Heudi et al., 2004; Mendoza ea al., 2003) .
These functions are affected by the fat-soluble vitamin concentration and many pathological signs appear with deficiency or overdose of vitamins (Gomis et al., 1994) . Our body has a disposing capability of excess vitamins resulting in a loss to the system of the vitamins taken. Therefore, a critical aspect of vitamin A, D and E supplements is the ability to absorb the composition into the body and maintain effectiveness.
Many unique aspects of nano-emulsions with droplet sizes in the range of 20-200 nm attributes to be utilized within an increasing number of industrial products, including food, pharmaceuticals, cosmetics, personal care products, and chemicals (Lee et al., 2011; Solans et al., 2005) . Nano-emulsions were proposed for application in pharmacy as delivery systems of poorly permeable and highly lipophilic drugs for enhancing solubility and permeation properties (Brusewitz et al., 2007; Gutierrez et al., 2008; Hatanaka et al., Solans et al., 2005; Tadros et al., 2004) . Enhancement of bioavailability by solubilization of lipophilic drugs in nano-emulsion has been reported and then in vivo and in vitro studies confirmed that nanoemulsion enhanced the penetration of vitamin E acetate (Kang et al., 2002) .
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The purpose of this present study was to evaluate the pharmacokinetic profiles (Tmax, Cmax, half-life and AUC) of nano-emulsion vitamin A, D and E in rats by an oral application, in comparison to general product.
Materials and Methods

Chemicals
LaVita and general product were provided by Korea BNP, INC. The contents of vitamin A, D and E in these products were 50,000,000 IU/L, 5,000,000 IU/L and 20,000 IU/L, respectively. Vitamin A (Retinol palmitate, 94.7%), vitamin D (cholecalciferol, 98%), Vitamin E-OAc (DL-α-tocopherol acetate, 97.8%) and Vitamin E-OH (DL-all-rac-α-tocopherol, 95.5%) were purchased from Sigma-Aldrich Co. (St. Louis, MO). High-performance liquid chromatography (HPLC) grade methanol, acetonitrile, hexane and water were purchased from Merck, Germany. All of other reagents were of analytical grade (Junsei Chemical Co., Japan).
Animals and dose administration
Male Sprague-Dawley 9 rats, approximately 5 weeks old, were obtained from Orient Bio Inc. (Korea) and acclimated for 3 weeks before dosing. The animals were housed in polycarbonated cages at 22 ± 3°C and 50 ± 20% humidity with a 12 h light/ dark cycle. The food (LabDietM ® , Orient Bio Inc.) and water were available adlibitum during the study. For the study, rats weighing 372.6±14.6 g were separated to three dose groups consist of 3 rats per group (blank, treatment of general product and treatment of LaVita) and were orally administrated at a single dose of 20 mL containing 1,000,000 IU of vitamin A, 100,000 IU of vitamin D and 400 IU of vitamin E per kg body weight (n=3/group).
Sample collection
Blood samples (2 mL) were taken from the retroorbital of each rat at 0.5, 3, 6, 24, 48, 72, 168, 196 h after oral administration. Blood samples were collected in heparinized tubes and centrifuged at 15000 rpm for 10 min at room temperature to separate plasma.
Sample preparation
Three replicate aliquots (0.4 mL) of plasma in 2 mL tube were added to 0.3 ml of 20% isopropanol in methanol and mixed by vortexing for 15 sec. The mixture was extracted with 0.7 mL of hexane, mixed for 3 min, centrifuged at 10,000 rpm for 3 min, and the hexane layer was removed. The aqueous phase was further extracted twice in the same way. The total extracts were evaporated to dryness under a nitrogen stream, and the residue was re-dissolved in 0.2 ml of 50% methanol in chloroform for HPLC analysis.
HPLC analysis
Determination of vitamin A, D , E-OAc (acetate) and E-OH (phenol) concentration were performed on the Agilent 1200 Series HPLC system equipped with Diode-Array Detector (DAD). A reverse-phase Hypersil TM Gold column (250 mm × 4.6 mm, 5-μm particle; Thermo Scientific) was used at 40°C and the flow rate was 1.0 mL/min. Detection monitoring was performed at 330 nm for vitamin A and 280 nm for vitamin D and E E (-OAc and -OH). The elution system for three vitamins was described Table 1. Under these Table 2 . Recovery, limit of detection and limit of quantification for determination of vitamin A, D and E in rat plasma
Vitamin
Fortified level (mM) conditions, the retention times of vitamin A, D, E-OAc and E-OH were 14.7, 12.8, 14.0 and 13.4 min, respectively (Fig. 1) .
Analytical method
Limit of detection (LOD) is determined as a signal three times the noise level considering all of the analytical operations on a sample including dilution and concentration factors. Limit of quantification (LOQ) is set at 3 times of LOD. Vitamin A was dissolved in methanol:chloroform (1:1,v/v) and vitamin D and E (-OAc and -OH) were dissolved in methanol to make stock solution of 2 mM. After the vitamin A, D and E (-OAc and -OH) standard solution was prepared by mixing at the concentration of 0.2 mM with methanol, the working solutions for a calibration curve were prepared at the concentration of 0.0005, 0.001, 0.002, 0.005, 0.01, 0.02, 0.1 mM by serial dilution with methanol. Recovery was carried out by fortifying untreated blank plasma (400 μl) with standard mixtures of vitamin A, D and E (-OAc and -OH) to reach concentrations of 0.005 and 0.0125 mM. The sample preparation was carried out by the same procedure as mentioned above for HPLC analysis.
Pharmacokinetic data analysis
Pharmacokinetic analysis for plasma concentration was conducted using WinNonlin (ver.5.2.1, Pharsight Co., USA) and the pharmacokinetic parameters [Tmax, t1/2, Cmax, AUCall] were determined. Statistical tests were performed using STATISTICA ('99 Edition, StatSoft, Inc., USA). Comparison between the different groups was analyzed by one-way analysis of variance (ANOVA) was followed by Duncan's multiple range tests. The P value <0.05 was considered statistically significant.
Results and Discussion
Analytical method
The values of LOD of vitamin A, D and E were 0.0005, 0.00025 and 0.0005 mM, respectively. The values of LOQ determined at 3 times of LOD of vitamin A, D and E (-OAc and -OH) were 0.0015, 0.00075 and 0.0015 mM, respectively ( Table 2 ). The calibration curves were fitted with high linearity in the range of 0.0005 -0.1 mM, covering the whole range concentrations in samples. The correlation values (R 2 ) of vitamin A, D and E were higher than 0.999.
The recoveries of vitamin A, D and E were in the range of 80.5-91.9% for two different concentration levels (Table 2) . Vitamin A, D, E-OAc and E-OH were recovered from the plasma with a high yield and reproducibility of 91.9±6.3, 82.4±8.4, 90.4±6.5 and 89.5±2.3% at 0.005 mM and 87.9±5.0, 81.6±2.6, 80.5±7.8 and 83.4±2.0% at 0.0125 mM, respectively, indicating that good extraction method is established.
Plasma Concentration and Pharmacokinetic Analysis
The plasma concentrations of vitamin A, D and E (-OAc and -OH) in rat were determined by HPLC analysis (Fig. 2, 3) . Vitamin E-OAc is the most commonly used form in vitamin E supplements, but vitamin E-OAc is biologically inactive and rapidly hydrolyzed to the vitamin E-OH in the plasma (Burton et al., 1988 (Burton et al., , 1990 Gonzalez et al., 1990; Hidiroglou et al., 1994) . Therefore, the level of vitamin E was calculated by summing the concentration of E-OH and E-OAc form. The mean plasma concentration versus time profiles in rat plasma after single dose administration is showed in Fig. 4 . The plasma concentration of LaVita was higher than general product in rat except for 24 h of vitamin A. The pharmacokinetic parameters of vitamin A, D, and E are showed in Table 3 . The time required to reach peak plasma concentration (Tmax) of Vitamin A after dosing was 6 h in LaVita and general product. Mean peak plasma concentrations (Cmax) were 0.39± 0.01 mM for LaVita and 0.25±0.03 mM for general product. The other pharmacokinetic parameters showed that the half-lives for LaVita and general product were 12.70 and 10.52 h, respectively and the area under the plasma concentration-time curve (AUC) for LaVita was higher than for the general product. According to statistical analysis, Cmax and half-life of vitamin A in LaVita were significantly higher (p<0.01) than general product. The calculated Tmax values of vitamin D for LaVita and general product were 24 h after oral administration. The Cmax of LaVita (0.01±0.001 mM) was significantly higher (p<0.05) than that of general product (0.008±0.001 mM) and the AUC was 1.2-fold higher (p<0.01) than general product. The half-life of vitamin D in LaVita showed no significant difference compared with that of general product, but it was 1h longer than general product.
The observed Tmax values of Vitamin E were 24 and 32 h in comparison of LaVita and general product, respectively. Both Cmax and the AUC of vitamin E in LaVita were significantly higher than general product (p<0.01). The half-live was 2.2-fold longer than general product, but it is not significantly different.
From these results, the bioavailability of vitamin A, D and E, Lavita, in rat exhibited a significant improvement in the pharmacokinetics parameters, Cmax, AUC and half-life, indicating that nano-emulsion formulation is increased oral absorption of vitamin A, D and E compared with general product.
LaVita's particle size (≤100nm) was much smaller than general product (100-20,000 nm) so the larger surface area for the active ingredients may increase absorption extent and rate. Thus, it has been reported that the bioavailability of drug could be highly influenced by the formulation type (Taha et al., 2007) . Nano-emulsions in pharmacy generally improves the solubility and permeability for highly lipophilic drugs for using in the nutrition field and then bioavailability enhancement has been reported (Brusewitz et al., 2007; Hatanaka et al., 2010; Kang et al.,2002; Solans et al., 2005) . Considering significant increment of Cmax and AUC, LaVita could be more effective the absorption rate and extent for bioavailability of vitamin A, D & E than those of general product.
